The paradoxical effect of smoking after acute myocardial infarction (AMI) is a phenomenon consisting of a reduction in the mortality of smokers compared to nonsmokers. However, it is not known whether the benefit of this reduction in mortality is due to smoking itself or to other covariables. Despite acceptance of the paradoxical effect of smoking in AMI, it is not known whether a similar phenomenon occurs in unstable angina. The objective of this study was to investigate the paradoxical effect of smoking in AMI and unstable angina, and to study specifically whether smoking is an independent prognostic variable. Key words: acute myocardial infarction; cigarette smoking; mortality; tobacco; unstable angina Abbreviations: ACE ϭ angiotensin-converting enzyme; AMI ϭ acute myocardial infarction; APACHE ϭ acute physiology and chronic health evaluation; ARIAM ϭ Análisis del Retraso en el Infarto Agudo de Miocardio; CCU ϭ critical care unit; CI ϭ confidence interval; CK ϭ creatine kinase; OR ϭ odds ratio; PTCA ϭ percutaneous transluminal coronary angioplasty T he association between smoking and heart disease was first suspected in the early 20th century. Subsequently, the direct relationship between smoking and development of coronary artery disease was confirmed. 1 Smoking is associated with a higher incidence of acute myocardial infarction (AMI) and a higher incidence of death due to coronary artery disease. There is a clear dose-effect relationship that
T
he association between smoking and heart disease was first suspected in the early 20th century. Subsequently, the direct relationship between smoking and development of coronary artery disease was confirmed. 1 Smoking is associated with a higher incidence of acute myocardial infarction (AMI) and a higher incidence of death due to coronary artery disease. There is a clear dose-effect relationship that is minimized or eliminated after giving up smoking. 2 Tobacco smoking is a predictive, independent variable for coronary atherosclerosis, AMI, and sudden death. 3 There are multiple causes of this poor prognosis in smokers including, particularly, the following: (1) induction of states of hypercoagulability, 4 as shown in human and animal studies that demonstrate that tobacco exposure increases fibrinogen levels and causes platelet aggregation, 4 ,5 which in turn may enhance development of atherosclerosis 6 and increase coronary artery occlusion in earlier stages of atheromatous disease by promoting platelet aggregation and thrombosis 7 ; (2) nicotine-induced catecholamine release leads to increased heart rate, BP, 8 and even arrhythmogenic effect 9 ; and (3) induction of coronary artery vasoconstriction 10 -12 and reduction in oxygen delivery due to increased carbon monoxide levels. 13 In view of the above, it would seem to be logical that tobacco smokers will have higher mortality rates than nonsmokers after AMI. However, this hypothesis has not been demonstrated. Rather, there is evidence that smokers with AMI have lower mortality, a finding known as the paradoxical effect of smoking. 14 Many explanations have been proposed for the more favorable prognosis of smokers after AMI including, particularly, the following: (1) smokers are younger and less seriously ill, or have fewer comorbid conditions; (2) smokers have fewer cardiovascular risk factors; (3) coronary artery lesions are smaller; (4) there is greater myocardial preconditioning and/or greater coronary artery reperfusion, either spontaneous or due to greater efficacy of the thrombolysis acting on a thrombus, during the early phases of coronary atherosclerosis; (5) prehospital mortality is possibly higher in smokers; and (6) sudden withdrawal of smoking could have a beneficial effect. [15] [16] [17] [18] All of these explanations agree that the prognosis for these patients is better because smoking coexists with other decisive covariables of greater importance that have a direct influence on prognosis. Nevertheless, smoking itself may not have any real beneficial effect. A multivariate analysis performed to investigate whether smoking is an independent, protective variable against mortality showed a clear discrepancy in the results. [15] [16] [17] [18] [19] [20] [21] Although there are many studies that have investigated the paradoxical phenomenon of smoking in AMI, the possible presence of this effect in unstable angina has not been studied sufficiently.
The objective of the present study was to investigate the paradoxical effect of smoking in Spanish patients with a diagnosis of acute coronary syndrome on admission to the ICU/critical care unit (CCU). The differences in the clinical outcome of smokers, ex-smokers, and nonsmokers in the AMI and unstable angina populations were studied, with particular focus on the prognosis. A multivariate analysis was also carried out to determine whether smoking is an independent, protective variable against mortality in patients with AMI or unstable angina.
Materials and Methods

Data Collection: the ARIAM Register
A descriptive study of a retrospective cohort including all patients in the ARIAM (Análisis del Retraso en el Infarto Agudo de Miocardio [analysis of delay in AMI]) Register Project, a multicentric Spanish study [22] [23] [24] [25] [26] designed as an internal project to improve the quality of treatment of ischemic heart disease. The ARIAM Project was based in the ICUs and CCUs of 119 hospitals in Spain. The ARIAM Register includes all patients admitted to participating ICUs/CCUs with a diagnosis of AMI or unstable angina when the delay from symptom onset to hospital admission was Ͻ 24 h. The study period was from January 1995 to January 2001.
The patients selected for this study all had a diagnosis of AMI or unstable angina on admission to the ICU/CCU. AMI was defined as the presence of at least two of the following: coronary pain for Ͼ 30 min, ECG signs, and increase in creatine kinase (CK) level to twice the laboratory reference level. The extent of necrosis (determined according to ECG criteria) was evaluated according to four criteria: appearance of a new pathologic Q wave, ST elevation without QS development on hospital admission, no QS with ST depression on hospital admission, and nonspecifiable. Unstable angina was classified according to the criteria proposed by the Spanish Cardiology Society in 1995, which includes the following groups: initial, progressive, at rest, prolonged, variant, postinfarct, and secondary to other conditions such as arrhythmias, anemia, hypertension, etc. 27 The patients were classified as ex-smokers, nonsmokers, and smokers; ex-smokers included patients who have not smoked for at least 3 months, nonsmokers included patients who have never smoked, and smokers included the remainder of the patients. Smoking was defined to include all possible forms of smoking, including pipes or cigarettes. The study population was divided into the following age groups: patients Ͻ 55 years old, patients 55 to 64 years old, patients 65 to 74 years old, and patients Ͼ 75 years old.
The following variables were studied: cardiovascular risk factors; maximum peak CK level recorded during hospital admission; severity on hospital admission, evaluated in the first 24 h using the APACHE (acute physiology and chronic health evaluation) II score 28 ; poorest functional grade during admission to the emergency department or ICU/CCU using the Killip and Kimball classification 29 ; mortality and mean length of stay; complications; and treatment received. The ARIAM Study Group also established a score with a range of 0 to 4 points to evaluate the efficacy of thrombolysis according to the following reperfusion criteria: fall in ST segment to Ͻ 50% of highest prethrombolysis elevation, peak CK level within the first 12 h after onset of symptoms, resolution of pain in Ͻ 30 min, and appearance of "reperfusion" arrhythmias ( Table 1) .
All complications occurring during the prehospital period or during admission to the emergency department or ICU/CCU were studied, as long as they had been adequately documented. The most significant complications studied include the following: hemorrhagic complications; hemodynamic complications, such as right-heart failure, cardiac tamponade, severe systemic hypertension, and cardiogenic shock; electrical complications, any type of arrhythmia or intraventricular conduction defect; clinical complications, such as angina of difficult control, reinfarction, pericarditis, postinfarct angina, onset of electromechanical dissociation, development of infectious process, and pulmonary or systemic embolism, including stroke; and mechanical complications or complications due to ICU/CCU procedures or other drugs administered.
Statistical Analysis
The Spanish version of the SPSS-10.0 statistical package (SPSS; Chicago, IL) was used for the statistical analysis. A descriptive analysis of all variables was carried out to obtain the distribution by frequencies. Analysis of variance was used to study the difference between the mean scores of the quantitative variables after testing for normality of the data using the Levene test for the equality of variance. The Pearson 2 and Fisher exact tests were used to compare proportions. Univariate and multivariate analyses with binary logistic regression were used to compare the independent variables to the dependent variables. A multivariate analysis was carried out to investigate whether smoking is a protective variable against death in patients with AMI or unstable angina. The crude and adjusted odds ratio (OR) was calculated for each variable, taking into account all variables in which statistically significant differences were observed or which were clinically relevant in the multivariate analysis. The OR for each independent variable is expressed with 95% confidence intervals (CIs). Numerical data are presented as mean scores Ϯ SD. Qualitative variables are expressed as absolute values and percentages; p Ͻ 0.05 was considered statistically significant.
Results
A total of 29,532 patients were added to the ARIAM Register during the study period. The mean age of the patients was 64.80 Ϯ 12.29 years (Ϯ SD), and 72.8% were men. AMI was diagnosed in 17,761 of these patients, and unstable angina was diagnosed in 7,795 patients. The remainder of the patients had other diagnoses secondary to coronary heart disease. Of the total number of patients, 8,022 patients (27.2%) were smokers, 6,141 patients (20.8%) were ex-smokers, and 15,369 patients (52.0%) were nonsmokers.
Effect of Smoking in Patients With AMI
The mean age of the patients with AMI was 67.46 Ϯ 10.34 years, and 24.6% were women. A total of 8,471 patients (47.7%) were nonsmokers, 5,796 patients (32.6%) were smokers, and 3,494 patients (19.7%) were ex-smokers. The global mortality after AMI was 9.8%. The patients with AMI who were smokers were younger, with a higher incidence of inferior/inferoposterior AMI, more Q-wave infarcts, and a lower incidence of complications. In terms of severity, both the Killip and Kimball classes and the APACHE II scores were lower in patients who were smokers. The cardiovascular risk factors were also different in these groups. Smokers presented a higher frequency of hypercholesterolemia and family history of cardiovascular risk. They also had a lower incidence of diabetes, hypertension, and previous angina, and required fewer percutaneous transluminal angioplasty (PTCA) procedures and fewer coronary bypass grafts prior to current hospital admission. The clinical course in smokers presented fewer complications, such as cardiogenic shock, lower incidence of reinfarction or extent of AMI, and fewer episodes of refractory postinfarct angina, but they had more episodes of primary ventricular fibrillation. Nonsmokers required more diagnostic-therapeutic techniques, such as insertion of Swan-Ganz catheter, coronary angiography, cardiopulmonary resuscitation, mechanical ventilation, and a greater number of temporary pacemakers. With regard to coronary artery reperfusion techniques, there was a significantly higher number of PTCA stent, primary PTCA, and rescue PTCA in the smokers. Thrombolysis was more frequent, with a shorter delay after onset of the symptoms and a higher efficacy score in the smokers. There were also minor differences in terms of treatment: smokers were administered more beta-blockers and lipid-lowering drugs, and fewer angiotensin-converting enzyme (ACE) inhibitors, whereas the results for the ex-smokers were between those of the smokers and nonsmokers ( Table 1) .
The primary result, the intra-ICU/CCU mortality, was 5% in smokers, 9.3% in ex-smokers, and 13.3% in nonsmokers. The study of mortality by age groups shows that the lower mortality rate in smokers and ex-smokers is shown in all the age subgroups (Fig 1) Table 2 ].
Effect of Smoking in Patients With Unstable Angina
The mean age of patients with unstable angina was 64.36 Ϯ 11.38 years, whereas the mean age of the smokers subgroup was 7 years lower. There were 4,124 nonsmokers (52.9%), 1,721 smokers (22.1%), and 1,950 ex-smokers (25.0%). In the smokers subgroup, there was a significantly higher number of men. The only group with more men was the ex-smoker group. There were also differences between the groups in terms of the form of presentation of unstable angina: the initial form was more frequent in smokers, whereas prolonged angina was more common in nonsmokers. The higher incidence of variant angina in smokers is particularly noteworthy. A previous ischemic event was found more frequently in the ex-smokers group followed by the nonsmokers; the frequency was much lower in the group of active smokers. Both the APACHE II and the highest Killip and Kimball class scores were Figure 1 . AMI patient mortality by age group, subdivided into nonsmokers, smokers, and ex-smokers. See Table 1 suggestive of lesser severity in smokers than nonsmokers (with levels of severity in between for ex-smokers). All of the cardiovascular risk factors (hypercholesterolemia, hypertension, diabetes, and cerebrovascular accidents) were more frequent in nonsmokers, with the exception of family history of a cardiovascular event (Table 3) . There were no differences between the different subgroups of patients with unstable angina in terms of progression to AMI or complications. However, there were differences in terms of treatment received, as beta-blockers were used more frequently in smokers whereas ACE inhibitors were used more frequently in nonsmokers. Nonsmokers required more reperfusion techniques such as angioplasty, stent insertion, and aortocoronary bypass. Interestingly, there was a difference in mortality; smokers had a mortality of 0.7%, ex-smokers had a mortality of 1.0%, and nonsmokers had a mortality of 1.5%. The adjusted OR for smokers in comparison to nonsmokers was 0.584 (95% CI, 0.322 to 1.059; p ϭ 0.584). There was no statistically significant difference in the crude OR for ex-smokers in comparison to nonsmokers (OR, 0.811; 95% CI, 0.484 to 1.358; p ϭ 0.425).
Discussion
AMI
The results of this study also indicate that smoking has a paradoxical effect. The smokers group includes more men, and younger patients with fewer cardiovascular risk factors such as hypertension or diabetes. Interestingly, previously reported data have shown an association between smokers and family history of ischemic events, and it has even proposed that this may be due to a genetic interaction. 30, 31 A higher frequency of hypercholesterolemia was also observed, in contrast to some authors, 32 and in agreement with others. 3 As in previous studies, 17 -21 we found that smokers have infarcts with a possibly smaller extent, such as inferior AMIs, and fewer anterior or more complicated AMIs. They were in a higher Killip and Kimball class, 17-21,32 and had fewer fatal complications. Interestingly, smokers had a lower incidence of previous angina or AMI. Therefore, although there is less myocardial preconditioning, they still had lower mortality rates.
Most studies 20, 32 that have shown a paradoxical effect of smoking attribute this effect to the covariables mentioned above, particularly with regard to lower age and lower comorbidity. They do not consider that the results of the multivariate analysis indicate the benefits of smoking. There are few studies 21, 33, 34 that find smoking to be a protective variable against mortality, which is still valid after adjusting for the different variables. The disparity in the findings could be related to methodologic differences such as selection of patients receiving thrombolysis, sample size, or the variables included in the multivariate study.
The present study obtained data from unselected patients on a register. This was also the case in the National Register of Myocardial Infarction 2, 35 a study with 510,044 patients in which smoking was found to be an independent variable for mortality that still had a protective effect after adjusting for the different variables. Our study agrees with the data obtained from this register. The results of the multivariate analysis show that, after adjusting for the different clinical covariables, tobacco smoking continues to act as an independent, protective variable against mortality. Therefore, the benefits or the "smokers' paradox" cannot be explained solely by other covariables of severity associated with nonsmokers. In spite of the recognized harmful health effects, tobacco smoking may have a protective effect against mortality in patients who have an AMI. The factors by which smoking directly induces benefits are unknown. It may be that the type of coronary artery disease induced by smoking is different from that seen in nonsmokers. 17, 32 At any rate, tobacco smoking as an independent variable is associated with a better prognosis.
Unstable Angina
The term smokers' paradox was first used for patients with AMI, since it has only been observed with AMI and not with unstable angina. The present study found that smokers clearly have a better prognosis. This may be influenced by the fact that the smokers are younger, have fewer cardiovascular risk factors, and fewer, less severe previous episodes of ischemia. These results are not compatible with possible greater myocardial preconditioning. Although smokers have a lower mortality, the multivariate analysis did not find that smoking was an independent variable for mortality. In this case, mortality can be explained by the other covariables mentioned. 36, 37 
Ex-smokers
The results for ex-smokers were between those of smokers and nonsmokers, and ex-smokers had a better prognosis than nonsmokers. This finding would support the differences found between smok- ers and nonsmokers. Interestingly, as occurs with smokers, ex-smoker status is predictive of good prognosis in AMI.
Study Limitations
Despite the unequivocal results obtained, the findings of this study must be considered with caution since they are based on a register and, consequently, have all of the defects inherent in registers. Therefore, it may not include some clinical covariables. Smoking has been adjusted for the different clinical variables using the variables included in the register. The results might have been different if variables such as left ventricular ejection fraction or variables specific to coronary angiography, such as coronary artery lesions or the number of coronary arteries affected, were taken into account. There may be a selection bias since only those patients admitted to an ICU/CCU were studied, and patients not admitted to these units were not considered. Nevertheless, since the study was in patients with acute coronary syndrome, most of the patients were probably admitted to these units for intensive care and monitoring. Another possible selection bias, particularly for the patients with AMI, is that the study did not include the population that did not receive hospital or prehospital care. Therefore, we do not know how many patients died before receiving care in either of these settings. As this study was limited only to the period of ICU/CCU admission, the subsequent prognosis is not known.
Conclusions
The reduced mortality observed in smokers with AMI during their stay in the ICU/CCU cannot be explained solely by clinical covariables such as age, sex, other cardiovascular factors, Killip and Kimball class, or treatment received. Therefore, smoking may have a direct beneficial effect on reduction of mortality in the AMI population. The reduced mortality observed in smokers with unstable angina can be explained by the different covariables.
